General experimental
All chemicals, unless specifically mentioned, were obtained from Sigma-Aldrich or Acros Organics. Solvents were purchased from Fischer Scientific. Silicon wafers (undoped, mirror finished, 111 orientation) were purchased from Silrec Corp.
(Lexington, KY). Tetramethylsilane (TMS; 99.9%) and chloroform-d 1 (CDCl 3 ; 99.96%) were purchased from Cambridge Isotope Laboratories, Inc. 30k Amicon centrifugal filter was purchased from Millipore Corporation.
1 H NMR spectra of SiNPs in CDCl 3 were recorded using Bruker 300MHz spectrometer. MALDI-TOF spectra were recorded on a Bruker Autoflex 3 matrix assisted laser desorption ionization time-of-flight mass spectrometer (MALDI-TOF MS). The matrices used were 2',4',6'-trihydroxyacetophenone monohydrate (THAP) for oligodeoxyribonucleotide (ODNs). UV−Vis spectra were obtained using a Varian 
MicroRNA-21 Sensing Experiments.
Recognition sequence (i.e., the ODN conjugated to the SiNP), quencher strand, and miR-155 were synthesized by the Keck Foundation Biotechnology Resource Laboratory at Yale University using standard automated solid phase synthesis. were required to completely displace the quencher strand from the SiNP ODN conjugate.
Control Experiment
All solutions contained the same PBS buffer. To confirm that the above mentioned experiments were operating under equilibrium conditions and that the quencher strand was fully displaced by miR-21 (after 5 equiv. of miR-21 was added in the Stage 2 titration, above), a control experiment was conducted. Here, 5 equiv. of miR-21 was first incubated with the SiNP ODN conjugate (total volume was 500 µL), followed by addition of 1 equiv. (0.5 µL) quencher strand. As can be observed in Figure SI -1, the maximum emission intensity is close to what is observed when the Stage 2 titration shown in Figure 3C (of the main text) reaches completion.
Figure SI-1. Emission spectrum after adding 5 equiv. miR-21 to the SiNP ODN conjugate followed by the addition of 1 the equiv. quencher strand.
Synthesis and characterization of alkene terminated SiNPs

Synthesis of Alkene Terminated SiNPs
Silicon wafers (1.0 g), 1,7-octadiene (12.1 mL; 0.08 mole) and 1-hexene (15.4 mL; 0.12 mole) were added into a stainless steel ball milling canister with 2 stainless steel 7 milling balls (1.2 cm in diameter, 8.1g/each) in a nitrogen filled glove box. The mixture was subjected to reactive high energy ball milling (RHEBM) using a SPEX CertiPrep 8000D Mixer/Mill for 24 hours in a cold room at 13°C. After RHEBM was complete, the SiNPs were purified by centrifugation at 3800 RPM for 30 min to remove insoluble sediments. The solution was then rotary-evaporated and pumped for 24 hours to completely remove unreacted 1,7-octadiene and 1-hexene.
TEM Image and Model of SiNP
The size of the SiNP core was analyzed by TEM. Figure Ball milling of silicon wafers create highly active surface species, including Si=Si bonds and silicon dangling bonds (radicals). The mechanochemical functionalization of silicon surfaces with an alkene can yield two basic bonding models on the surfaces (see Scheme SI-1).
[1] First, Si=Si bonds can react with alkenes through cycloaddition between a Si=Si bond and a C=C bond (Scheme SI-1a). In addition, silicon dangling bonds can react with alkenes through radical silylation followed by abstraction of allylic protons from surrounding alkenes (Scheme SI-1b).
Scheme SI-1. Basic bonding models on silicon surfaces when silicon wafer is ground with a monoene: (a) 
NMR Spectroscopy of SiNPs
The 1 H NMR spectrum of SiNPs (7.0 mg) and tetramethylsilane (TMS) (6.2 mg, 0.070 mmole) in CDCl 3 (0.5 mL) were recorded using a Bruker Avance 300 MHz spectrometer. Since the grafted SiNPs should consist of three major species of surface structures (X 1 mmole of B1, X 2 mmole of B2, and X 3 mmole of B3) in the NMR sample, the mass fraction of the organic layer can be estimated by the peak areas from 1 H NMR using TMS as an internal standard. As shown in Figure SI As illustrated in Scheme SI-2 each sub-structure of B1, B2 and B3 major species has very similar alkyl proton numbers (e.g. 11 alkyl protons for B1-1 and 12 alkyl protons for B1-2). We used 11, 14 and 12 alkyl protons for B1, B2 and B3 respectively for calculation (there is no significant difference by using other proton numbers). We can obtain Equation 2 based on integrated area of alkyl protons.
Since 
Calculation of the average molecular weight of the SiNPs
The average molecular weight of the silicon core ( ) of the SiNPs can be calculated from Equation 3, in which r is the average radius of silicon cores (half of the average diameter from TEM), D is the density of silicon (2.329 g/cm
3
) and N A is core MW the Avogadro constant (6.02×10 23 /mole). is calculated to be 20000 g/mole using 3 nm as the average diameter for a SiNP.
Equation 3:
Based on mass fraction (f core ) of silicon core (53%) from 1 H NMR analysis, the molecular weight of the SiNPs ( ) is 38000 g/mole (based on Equation 4).
Equation 4:
The number of alkene functional groups per SiNP (N vinyl ) can then be obtained from
Equation 5, in which = 38000 g/mole and C= 1.42 × 10 -3 mole/g based on the 1 H NMR spectrum. The resultant = 54, meaning that each SiNP contains an average of 54 surface alkene groups.
Equation 5:
Optical Properties of the Silicon NP core
The UV-Vis absorption spectrum of the alkene terminated SiNPs in CH 2 Cl 2 is shown in Figure 1a 
ODN purification and characterization
The recognition sequence was synthesized using 3'-Thiol-Modifier C3 S-S CPG and recognition sequence was first treated with 100 mM DTT (pH 8.5) at room temperature for 30 min to break the S-S bond and generate the free terminal thiol group. After cleavage, the reaction was desalted using a sephadex resin Microspin G-25 column (GE Healthcare) followed by chromatography on a Varian Prostar reverse-phase HPLC equipped with a MetaTherm column heater. The purified ODNs were characterized by MALDI-TOF in linear negative mode (see below). Other
ODNs were purified and used as is. Chem. Rev. 102, 1271 Rev. 102, -1308 
